We use the CLEO detector at the Cornell e + e ? storage ring, CESR, to search for the two-photon production of the glueball candidate f J (2220) in its decay to K s K s . We present a restrictive upper limit on the product of the two-photon partial width and the K s K s branching fraction, (? B KsKs ) f J (2220) . We use this limit to calculate a lower limit on the stickiness, which is a measure of the two-gluon coupling relative to the two-photon coupling. This limit on stickiness indicates that the f J (2220) has substantial glueball content. 12.39.Mk,13.65.+i,12.38.Gc 
The two-photon width of a resonance is a probe of the electric charge of its constituents, so the magnitude of the two-photon coupling can serve to distinguish quark-dominated resonances from glue-dominated resonances (henceforth simply called \glueballs"). The f J (2220), sometimes referred to as the (2230), was rst reported by the Mark III collaboration 1]. This resonance is a glueball candidate due to its narrow width 1, 2] , its observation in glue-rich environments 1{5], and its proximity in mass to lattice QCD predictions of the tensor glueball 6, 7] .
In this Letter we report on a search for the f J (2220) in two-photon interactions at CLEO and set an upper limit on the product of its two-photon partial width and branching fraction to K s K s , improving on a previous limit set by ARGUS 8] using the K + K ? decay mode. Using our measurement, we calculate the stickiness, a useful glueball gure of merit 9], of the f J (2220) resonance.
CLEO II is a general purpose detector 10] using the e + e ? storage ring, CESR 11] , operating at p s 10:6 GeV. CLEO II contains three concentric wire chambers that detect charged particles over 95% of the solid angle. A superconducting solenoid provides a magnetic eld of 1.5 T, giving a momentum resolution of p =p 0:5% for p = 1 GeV/c. Outside of the wire chambers and a time of ight system, but inside the solenoid, is a CsI electromagnetic calorimeter, consisting of 7800 crystals arranged as two endcaps and a barrel region. For a 100 MeV electromagnetic shower in the barrel, the calorimeter achieves an energy resolution of E =E 4%.
In two-photon events, the initial state photons are approximately real and tend to have a large fraction of their momenta along the beam line. The electron and positron rarely have enough transverse momentum to be observed. As the two photons generally have unequal momentum, the center of mass tends to be boosted along the beam axis. We detect those events in which the decay products have su cient transverse momentum to be observed in CLEO.
We search for the two-photon production of f J (2220) We use a Monte Carlo simulation to determine our sensitivity to the two-photon production of the f J (2220). The two-photon Monte Carlo events were generated using a program based on the BGMS formalism 12]. For the simulation we assume the value J = 2 for the total angular We construct a K s K s mass distribution for those events that satisfy all of the selection criteria. In Figure 2 , we display the data for the K s K s mass region of interest. No enhancement at the f J (2220) mass is observed.
To determine the number of ! f J (2220) events, we count the number of events within a region that has been optimized based on the lineshape of the f J (2220). In order to eliminate dependence of the result on uncertainties in the mass and width of the f J (2220), we construct nine limits, varying these resonance parameters by 1 . We convolve a detector resolution function with a Breit-Wigner resonance to determine the expected shape. This lineshape is used to determine the signal region size that maximizes " 2 =b, where " is the fraction of the area under the signal lineshape that falls within the region, and b is the estimated number of background events determined as 4 We average the mass and width measurements for the four di erent modes reported by BES and the two modes reported by Mark III. We assume that the systematic uncertainties within an experiment are completely correlated and the systematic uncertainties between experiments are uncorrelated. 
We repeat the entire analysis chain for nine di erent sets of resonance parameters. The two-photon partial width, ? , can be expressed as the sum of two components, ?
2;0 and ? 2;2 , the two-photon partial widths associated with helicity zero and helicity two projections respectively. We must di erentiate between the two partial widths because the detection e ciencies for the two allowed helicity projections are not the same due to their di erent nal state angular distributions. Under the expectation that the ratio of ? (2) In Table I we present ? lim in eV for 1 variation of the resonance mass and width. The limits include uncertainties associated with systematics which will be discussed later.
Without making any assumption about the ratio of partial widths of the two helicity projections, we can set a 95% C.L. functional limit, (3) The ratio of the partial width coe cients in Equation 3 is given by the ratio of e ciencies for helicity zero to helicity two. The overall normalization is set to be consistent with Equation 2.
Systematic uncertainties have been included in determining these upper limits using a Monte Carlo program. We estimate the following systematic uncertainties in the overall detector e ciency: 8% due to triggering, 7% due to tracking, and 7% due to simulation of selection criteria. The total systematic uncertainty associated with e ciency is 13%. We estimate the systematic uncertainty in the background normalization to be 16%. We have veri ed our analysis by using the same Monte Carlo simulation and analysis approach to measure the two-photon partial width of the f 0 2 (1525). The f 0 2 (1525) measurement is a sound test as the f 0 2 (1525) produces a prominent peak in the K s K s mass distribution and has quantum numbers consistent with those expected for the f J (2220). We measure a value for the product of the partial width and the K s K s branching fraction that is within one standard deviation of the The B(J= ! f J (2220)) B(f J (2220) ! K s K s ) branching fraction so determined is (2:2 0:6) 10 ?5 . From this we calculate a lower limit on stickiness of 82 at the 95% C.L. for the f J (2220). The statistical and systematic uncertainties of the inputs, including the uncertainty on the J= branching fraction, are incorporated into this limit through a Monte Carlo program. This lower limit is much larger than the value of one expected for aresonance. The observation of the f J (2220)'s in \glue rich" environments such as the radiative J= decay has made it a glueball candidate. With the limit on (? B KsKs ) f J (2220) presented here we are able to make a much stronger statement. In particular, it is di cult to explain how ameson, even pure ss, could have such a large stickiness. In general, explanations that give small two-photon partial widths give small radiative J= decay branching fractions. Radial and angular excitations fall into this category. A J = 4 resonance is not ruled out experimentally. However, under the assumption J = 4, the phase space term to which stickiness is proportional becomes very large. A small two photon width due to a cancelation involving speci c values of the singlet-octet mixing and the ratio of matrix elements is possible but unlikely.
In this Letter we have presented the results of the search for f J (2220) production in two-photon interactions. We have reported a very small upper limit for (? B KsKs ) f J (2220) . The minimum stickiness obtained from the two-photon width upper limit is di cult to understand in the context of aresonance, and should be considered as strong evidence that the f J (2220) is a glueball.
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